The apolipoprotein A1 level is recognized as a better indicator of cardiovascular disease than other cholesterol measures. Objectives: To assess the serum level of ApoA1 in acute stroke patients and correlate it with the degree of vessel stenosis, stroke severity, prognosis, and functional outcome. Patients and methods: We prospectively included 60 patients with first-ever cerebrovascular ischemic stroke, and they were matched with 30 healthy individuals matched in age and sex. Patients' neurological status was assessed via National Institute of Health and Stroke Scale (NIHSS). A venous blood sample was taken within the first 24 h of stroke onset and assayed for ApoA1 level by Human ApoA1 ELISA kit. Results: ApoA1 level could be used to discriminate between cases and controls at a level of 6.2 μg/ml, with 94.9% sensitivity and 86.6% specificity. Furthermore, there is an inverse relationship between the level of ApoA1 and the clinical outcome expressed by NIHSS score and their prognosis after 3 months. Finally, there is an inverse relationship between ApoA1 level and the degree of stenosis whether intracranial or extracranial. Conclusion: ApoA1 level can be used as a predictor of ischemic stroke and as a prognostic tool for those patients with ischemic stroke.
Introduction
Apolipoprotein A1 (ApoA1) is the major protein component of high-density lipoprotein (HDL) and plays an important role in transporting excess cholesterol from peripheral cells to the liver. Besides the atheroprotective effect, ApoA1 also has anti-inflammatory and antioxidant effects. Recently, decreased serum ApoA1 level has been reported to increase the risk of deep subcortical infarction, which often coexists with white matter lesions in the brain [1] . Furthermore, the Honolulu-Asia aging study has found an inverse relation between ApoA1 and dementia [2] . In contrast, apolipoprotein B (ApoB) is the major protein component of low-density lipoprotein (LDL). The oxidation of ApoB creates multiple proinflammatory products and propagates atherogenesis within the arterial wall [3] .
The aim of this study was to assess the serum level of ApoA1 in patients with acute ischemic stroke compared to controls; to assess the relation between the serum ApoA1 level and their clinical picture, mortality, and their prognosis after 3 months; and finally to assess the relation between ApoA1 level and the degree of vessel stenosis.
Subjects and methods
A randomized prospective single-center study carried out during a 7-month period from April 2015 and October 2015 at Ain Shams University Hospitals. Ninety subjects were included in this study, divided into two groups: the case group that included 60 patients presented with acute ischemic cerebrovascular stroke (within 24 h from the onset of the stroke) and the control group that included 30 healthy individuals matched in age and sex. We excluded from the study patients with severe stroke (NIHSS more than 20) and individuals who had been on statins, calcitriol, and medication containing excess estrogen and fibrates. We also excluded individuals with previous history of ischemic heart disease, chronic renal failure, nephritic syndrome, cholestasis, and Alzheimer's disease. The study was approved by our local ethical committee, and informed written consent was signed by all included subjects.
Patients' neurological status was assessed via National Institute of Health and Stroke Scale (NIHSS), which was done on admission and after 3 months, and was classified as follows: 1-4 = mild stroke, 5-15 = moderate stroke, and 16-20 = moderate to severe stroke [4] . Laboratory investigations included HBA1c, LDL, HDL, triglycerides, and total cholesterol. Radiological investigations were including carotid duplex (General Electric Healthcare: LOGIQ F6; Waukesha, WI, USA) to assess the extra-cranial carotid artery, magnetic resonant brain imaging and magnetic resonant angiography for intracranial circulation (Philips MR Ingenia Ambition 1.5 T; Best, Netherlands), and echocardiography using transthoracic echocardiography.
Serum apolipoprotein A1 level using blood samples was collected from all subjects, and after centrifugation at 3000× for 10 min, serum was obtained and stored at − 70°C. For the quantitative detection of ApoA1, the Human ApoA1 ELISA kit, which is provided by Assay pro LLC (number: EA5201-1), was used and the instructions were done according to the provided booklet. The values of serum ApoA1 from each patient were noted and compared with values from the healthy controls in the laboratory of Ain Shams University hospitals.
Statistical analysis
The collected data was revised, coded, tabulated, and introduced to a PC using Statistical Package for Social Science (SPSS 15.0.1 for Windows; SPSS Inc., Chicago, IL, 2001). For descriptive statistics, we used mean, standard deviation (± SD), and range for parametric numerical data, while median and interquartile range for nonparametric numerical data and frequency and percentage of non-numerical data. For analytical statistics, we used student t test to assess the statistical significance of the difference between two study group means, Mann-Whitney test (U test) to assess the statistical significance of the difference of a non-parametric variable between two study groups, and correlation analysis (using Pearson's method) to assess the strength of association between two quantitative variables.
Results
The 60 patients with acute ischemic cerebrovascular stroke included 36 males (60%) and 24 females (40%) and their age range from 28 to 88 years old with mean age of 60 ± 12.19. Diabetes mellitus was the most prevalent risk factor in 38 patients (63.3%), hypertension in 34 patients (56.7%), dyslipidemia in 30 patients (50%), and smoking in 23 patients (38.3%). Those patients have been followed up after 3 months to assess their prognosis, compliance on their medication, recurrence of stroke, and mortality. Two of the patients dropped out during the follow-up period. Among the other 58 patients, 56 patients (94.9%) were compliant on their medications, 13 of them (22.8%) showed recurrence of stroke, and 7 of them (11.7%) unfortunately died.
By using Student t test, ApoA1 measured in sera of ischemic stroke patients ranged from 1.7 to 21 μg/ml with mean 4.25 μg/ml, while in the control group, it ranged from 2.8 to 21 μg/ml with mean 16.82 μg/ml, thus revealing a high statistical significance difference between cases and controls, as shown in Fig. 1 (p = 0.001). Moreover, using Mann-Whitney test, there was also a highly significant difference between cases and controls with higher median among controls (21 μg/ml) versus cases (4 μg/ml). ROC curve showed that ApoA1 level could be used to discriminate between cases and controls at a level of 6.2 μg/ml, with 94.9% sensitivity and 86.6% specificity.
Among those 60 ischemic strokes, 36 ischemic strokes (60%) were located anterior, while 24 ischemic strokes (40%) were located posterior. ApoA1 level measured in anterior strokes ranged from 2.8 to 4.45 μg/ml with median 4.2 μg/ml while in posterior strokes ranged from 2.5 to 4.1 μg/ml with median 3 μg/ml and thus revealing a statistical significance difference between anterior and posterior stroke indicating that lower level of ApoA1 is associated with posterior stroke rather than anterior ones.
Serum ApoA1 level was measured in those patients and correlated with their clinical outcome. And it revealed that the mean value of ApoA1 in patients with mild stroke (NIHSS 1-4) was 4.5 ± 3.5 μg/ml, while it decreased to 4.3 ± 4.0 μg/ml in patients with moderate stroke (NIHSS 5-15), and it showed even more decrease to 3.8 ± 1.2 μg/ml in patients with moderate to severe stroke (NIHSS 16-20). In addition, it was correlated with their prognosis after 3 months and it revealed that the serum ApoA1 level was high (mean 4.4 ± 4.0 μg/ml) in patients with mild stroke, while it decreased to 4.2 ± 1.9 μg/ml in patients with moderate stroke, and it logically decreased to 3.8 ± 1.2 μg/ml in patients with moderate to severe stroke (Table 1) .
ApoA1 level was assessed in all those patients, and its mean value in patients showing recurrence of stroke was 3.65 ± 0.87 μg/ml; however, it was higher in patients showing no recurrence of stroke (mean 4.46 ± 3.85 ug/ml), indicating that low level of ApoA1 acts as a predictor of recurrence of cerebrovascular stroke. However, these correlations did not reach statistical significance.
Furthermore, we classified patients into two groups based on their vascular imaging as follows. The intracranial atherosclerotic stenotic (ICAS) group is subdivided according to cerebral MRA into (a) normal (no stenosis), (b) mild (stenosis less than 50%), (c) moderate (stenosis 50-69%), (d) severe (stenosis 70-99%), and (e) total occlusion. The other group was the extracranial atherosclerotic stenotic (ECAS) group which is subdivided into (a) normal, (b) diffuse atherosclerosis with no plaques, and (c) diffuse atherosclerosis with plaques. ApoA1 was assessed in each group and correlated with the degree of stenosis. ApoA1 levels were lowest in total occlusion in ICAS group and soft/calcific plaque in ECAS group, intermediate in stenosis in ICAS group and diffuse atherosclerosis in ECAS group, and highest in normal group in both ICAS and ECAS group. However, in general, ApoA1 level was lower in patients with ICAS than patients with ECAS (Table 2) ( Fig. 2 ).
Discussion
The absence of a widely available and sensitive diagnostic and prognostic test for acute cerebral ischemia remains a significant limitation in the diagnosis, prognosis, and management of stroke. At most medical institutions, CT scans of the brain are performed as part of the initial evaluation of a patient with suspected stroke. The main advantage of this imaging modality is its widespread availability and sensitivity for hemorrhage. However, it is insensitive to early ischemic changes during acute cerebral ischemia and is usually of little value for establishing the diagnosis of acute stroke [5] .
This raises the need to improve the prediction and diagnosis of stroke motivating the search for sensitive biomarkers. Research on the identification of novel blood-borne markers that are associated with cerebral ischemia is continuing at a rapid pace, and it is likely that in the future, a biomarker or panel of biomarkers will play a role in facilitating the management of patients with cerebral ischemia. Such biomarkers may ultimately be used in a fashion similar to the use of troponin in the early diagnosis and management of patients with suspected myocardial ischemia or B-type natriuretic peptide in the diagnosis of congestive heart failure. Biomarkers may also be useful in the individualization of treatment decisions, determining etiology and providing prognostic information [6] . Ideally, a biomarker for diagnosing and monitoring prognosis of stroke should include at least the following characteristics. It should be brain specific. Because of obvious difficulties to obtain CSF samples in patients with acute stroke, detection in serum is highly desirable. It should appear very early, hours at the most, after the insult. Its peak level should reflect the extension of brain damage. It should possibly distinguish between stroke and stroke mimics, between transient and established stroke, and between hemorrhage and ischemia. Finally, it should be indicative of functional outcome [7] .
That is why we decided to study apolipoprotein A1 in serum of stroke patients, because apart from differentiation between hemorrhage and ischemia, all the previous rules are applied to this specific marker.
Our main finding in this study is that low serum ApoA1 level is associated with an increased risk of ischemic cerebrovascular events. The cutoff value of ApoA1 level to discriminate between cases and controls was 6.2 μg/ml, with 94.9% sensitivity and 86.6% specificity. The mean value of ApoA1 in stroke patients versus healthy controls matched in age and sex revealed high statistical significance.
The previous finding is consistent with the results of a study by Kim and colleagues who reported that high serum ApoB level and low serum ApoA1 level are associated with increased risk of ischemic cerebrovascular events [8] . Also, it is consistent with the results of another study by Kostapanos and colleagues who reported that ApoB/ApoA1 ratio may represent a predictor of a first-ever ischemic non-embolic stroke in elderly subjects which was evident after adjustment for other cardiovascular risk factors and confounders, including lipid parameters [9] .
As an exploratory analysis, we further correlate the level of ApoA1 with the clinical outcome of the patient, recurrence of the stroke, and mortality. In AMORIS prospective study done by Walldius and colleagues, they showed that there is a strong direct relationship between the increasing values of ApoB, decreasing values of ApoA1, and the risk of fatal stroke [10] . Another study done by Bhatia and colleagues showed that there is an association between apolipoproteins and long-term risk of ischemic stroke in patients with previous transient ischemic attack [11] . Other recent studies strengthened the notion of the ApoB/ApoA1 ratio as a useful indicator of ischemic stroke risk in patients with preexisting atherothrombotic disease [12, 13] . These results are consistent with our findings.
In our study, we found that there is an inverse relationship between the level of ApoA1 and the clinical outcome expressed by NIHSS score. Also, cases who showed recurrence of stroke in the first 3 months after the incident of the first stroke had low ApoA1 level compared to those who did not show recurrence. Furthermore, cases that had low level of ApoA1 showed high mortality risk than cases of high ApoA1 level. However, all these correlations did not reach statistical significance. This could be explained by some reasons. First, we excluded severe stroke with NIHSS score > 20, so we did not know the level of ApoA1 in such cases and we did not follow-up them. Secondly, due to ethical issues, we could not prevent the cases during follow-up from taking statin which increases the level of ApoA1 and reduces the risk of stroke. Finally, the small size of the sample can be an important factor. Wallenfeldt and colleagues in their study approved that the ApoB/ApoA1 ratio was associated with metabolic syndrome and with the change in carotid artery intima medial thickness during 3 years of follow-up [14] . In addition, Park and colleagues in their study concluded that higher ApoB/ApoA1 ratio is a predictor of ICAS rather than of ECAS and that ApoB/ApoA1 ratio might be a biomarker for ICAS in patients with stroke [15] .
These findings were present in our study. The mean level of ApoA1 in patients with no intracranial atherosclerotic stenosis was 5.08 ± 4.67 μg/ml, and it decreased in patients with mild ICAS and decreased with increasing stenosis till reaching its lowest level in patients with severe stenosis or occlusion. Also, in patients with ECAS, it was 5.06 ± 5.11 μg/ml in patients with no stenosis and it further decreased with the appearance of plaques. But in general, ApoA1 level was lower in patients with ICAS than patients with ECAS. However, all these correlations did not reach statistical significance, and this could be explained by the small size of the sample.
Conclusion
ApoA1 level can be used as a predictor of ischemic stroke and as a prognostic tool for those patients with ischemic stroke. Further studies are needed to measure the ApoA1 level in the patients during follow-up. In addition, multi-center with a greater scale of patients is recommended. 
